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(54) NON-AQUEOUS SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a non-aqueous secondary battery having a high capacity, capable 
of preventing a swelling due to generation of gas from occurring, and having excellent low temperature 
characteristics. 

SOLUTION: This non-aqueous secondary battery comprises (A) a positive electrode having a specific 
surface area of 0.3 m2/g or more and formed of positive electrode active material, (B) a negative electrode 
formed of negative electrode active material, and (C) non-aqueous electrolyte formed of an electrolyte and 
a non-aqueous solvent. At least 25 to 4.0 vol.% of ethylene carbonate, 25 to 60 vol.% of ethyl methyl 
carbonate, and 10 to 40 vol.% of diethyl carbonate in volume ratio are contained as the solvent components 
of the non-aqueous electrolyte in the non-aqueous secondary battery. 
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FULL CONTENTS 
[Claim(s)] 

[Claim 1] (A) The plus terminal where a specific surface area consists of positive active material more than 
0.3m2/g (B) The negative electrode which consists of negative electrode active material (C) An electrolyte 
and a nonaqueous solvent Are the above the nonaqueous secondary battery which it had, and as a solvent 
component of nonaqueous electrolyte Three sorts, ethylene carbonate, ethyl methyl carbonate, and diethyl 
carbonate, are included at least. Into the solvent of nonaqueous electrolyte, ethylene carbonate is 
characterized by containing less than more than 25vol%60vol% and diethyl carbonate for less than more 
than 25vol%40vol% and ethyl methyl carbonate with the volume ratio not more than more than 10vol% 
40vol%. 

[Claim 2] The nonaqueous secondary battery according to claim 1 further characterized by containing 
propylene carbonate with the volume ratio not more than 10vol% in the solvent of nonaqueous electrolyte as 
a solvent component of nonaqueous electrolyte. 

[Claim 3] The nonaqueous secondary battery according to claim 1 or 2 characterized by containing graphite 
carbon in negative electrode active material. 

[Claim 4] Claim 1 to which the polymer obtained by polymerizing the monomers containing an ethylenic- 
unsaturated-carboxylic-acid ester monomer is characterized by being contained in at least one of a plus 
terminal, the negative electrode, and the nonaqueous electrolyte - a nonaqueous secondary battery given in 
any 1 clause of three. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is high capacity and relates to the nonaqueous secondary battery 
which the blister resulting from the generation of gas is controlled, and has good low-temperature 
characteristics. 
[0002] 

[Description of the Prior Art] Some are remarkable in development of the battery used as the source of a 
drive with development of an electronic portable device in recent years. The rechargeable lithium-ion battery 
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attracts attention also in it especially from the thing for which it has high energy density. The rechargeable 
lithium-ion battery generally known now, To negative electrode active material, reversibly [ a carbon material 
an amorphous alloy, an amorphous metal oxide, etc. ] [ the substance in which lithium occlusion discharge is 
possible ] When a lithium ion moves between two poles to positive active material using the lithium multiple 
oxide containing transition metals, such as Cobalt, nickel, and manganese, it has the mechanism in which 
charge and discharge are performed. Since the active material used for two poles has high energy density, 
the miniaturization of a battery and the weight saving of it become possible. For this reason, many 
rechargeable lithium-ion batteries to portable devices with which a miniaturization and a weight saving are 
desired, such as a camcorder/movie or a cellular phone, are used increasingly. In particular, since a square- 
shaped battery has the high space efficiency to a battery container etc. compared with a cylindrical battery, 
demand has been extended quickly in recent years. 

[0003] However, in this square-shaped battery, when saved especially at high temperature for a long period 
of time, the blister of the armor can by gas occurring inside a battery poses a problem these days. 
Especially, although thickness of the metal used for the armor can was made thin for the miniaturization and 
the weight saving, or intensity is weak, when aluminum which is a lightweight metal is used for an armor 
can, this problem has appeared more notably. Although such improvement technology is conventionally 
proposed by JP,H9-270270,A, JP.H1 1-250932, A, JP,2000-260400,A, JP,2000-277146,A, etc., the present 
condition is that the result satisfying yet enough is not obtained. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is high capacity and aims at offering the 
nonaqueous electrolyte secondary battery which the blister resulting from the generation of gas is controlled, 
and has good low-temperature characteristics. 
[0005] 

[Means for Solving the Problem] this invention person etc. pays his attention to the nitrogen gas adsorption 
BET specific surface area of the kind of electrolytic solution solvent and a mixed volume ratio, and positive 
active material, in order to solve said technical problem. When it is in the specific range which mixes three or 
more kinds of electrolytic solution solvents, is one of specific ranges with the mixed volume ratio of an 
electrolytic solution solvent as a result of repeating research wholeheartedly, and has the nitrogen gas 
adsorption BET specific surface area of positive active material, [ high capacity ] It finds out that the 
nonaqueous secondary battery where the blister resulting from the generation of gas was controlled and 
which was excellent in low-temperature characteristics can be obtained, and came to complete this 
invention. 

[0006] Namely, this invention is set to the nonaqueous secondary battery which is characterized by 
providing the following and which consisted of nonaqueous electrolyte. As a solvent component of 
nonaqueous electrolyte, three sorts, ethylene carbonate, ethyl methyl carbonate, and diethyl carbonate, are 
included at least. The nonaqueous secondary battery with which ethylene carbonate is characterized by 
containing less than more than 25vol%60vol% and diethyl carbonate for less than more than 25vol%40vol% 
and ethyl methyl carbonate with the volume ratio not more than more than 10vol%40vol% into the solvent of 
nonaqueous electrolyte. (A) The plus terminal where a specific surface area consists of positive active 
material more than 0.3m2/g (B) The negative electrode which consists of negative electrode active material 
(C) An electrolyte and a nonaqueous solvent 
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[0007] As a solvent component of nonaqueous electrolyte, it is still more desirable that propylene carbonate 
is contained with the volume ratio not more than 10vol% in all the solvents of nonaqueous electrolyte. 
Furthermore, it is desirable that graphite carbon is contained in negative electrode active material. Moreover, 
it is desirable that the polymer obtained by polymerizing the monomers containing an ethylenic-unsaturated- 
carboxylic-acid ester monomer is contained in at least one of a plus terminal, the negative electrode, and the 
nonaqueous electrolyte. 
[0008] 

[Embodiment of the Invention] This invention is explained in detail hereafter. In this invention, although all 
the well-known things that can emit [ occlusion and ] a lithium ion can be electrochemically used for positive 
active material, the material having contained lithium is desirable especially. For example, lithium composite 
metal oxide LiX M YNZ 02 ([ M ]) [ at least one sort of metal chosen from Co of a transition metal element, 
nickel, Fe, Mn, Cr, V, Ti, Cu and Zr and N ] aluminum, In, Sn, B, Mg, Si, germanium, Ga, Y, La, Ce, It is 
desirable that it is at least one sort of metal chosen from Pr, Nd, and Sm, 0< X<=1.1, 0.5<=Y<=1.0, and 
0<=Z<=0.1 , and further General formula LiX CoY NZ 02 ([ N ]) At least one sort of metal chosen from 
aluminum, In, Sn, B, Mg, Si, germanium, Ga, Y, La, Ce, Pr, Nd, and Sm, 0< X<=1.1, 0.5<=Y<=1.0, and the 
Cobalt acid lithium that have 0<=Z<=0.1 are more desirable. 

[0009] In this invention, it is required to use the plus terminal where a specific surface area consists of 
positive active material more than 0.3m2/g. When the specific surface area of positive active material is 
under 0.3m2/g, the output characteristic in low temperature gets worse, and it becomes less practical. A 
specific surface area expresses the BET specific surface area measured using SA3100 by a coal tar 
company using nitrogen gas. As a positive electrode current collector, metallic foils, such as aluminum, 
titanium, and stainless steel, an expanded metal, a perforated metal, a foaming metal, carbon crossing, 
carbon paper, etc. are used. 

[0010] Although all the well-known things that can emit [ occlusion and ] a lithium ion can be 
electrochemically used as negative electrode active material, carbon, such as graphite powder, mesophase 
carbon fiber, and a mesophase microsphere, and metal, an alloy, an oxide, nitride, etc. are used preferably, 
for example. When graphite carbon with big specific gravity is especially included in negative electrode 
active material, the active material pack density within a battery can can be raised, and since high-capacity- 
izing is possible, it is desirable. As a negative electrode collector, metallic foils, such as copper, nickel, and 
stainless steel, an expanded metal, a perforated metal, a foaming metal, carbon crossing, carbon paper, etc. 
are used. 

[001 1] Any well-known thing can be used for the electrolyte of a nonaqueous electolyte, for example, 
LiCI04, LiAsF6, LiPF6, LiBF4, LiB(C6H5)4, LiCI, LiBr, CF3S03U, etc. are mentioned to it. As a solvent of a 
nonaqueous electolyte, the mixture of ethylene carbonate, ethyl methyl carbonate, and diethyl carbonate is 
used. Furthermore, it is desirable to add propylene carbonate to this mixture. Ethylene carbonate in the 
solvent of nonaqueous electrolyte Less than more than 25vol%40vol% Less than more than 25vol%35vol% 
and ethyl methyl carbonate preferably Less than more than 25vol%60vol% desirable -- less than more than 
30vol%55vol% and diethyl carbonate - less than more than 10vol%40vol% -- desirable - less than more 
than 15vol%35vol% -- it is contained. 

[0012] When content exceeds 40vol%, the ionic conductivity in the low temperature of an electrolytic solution 
becomes small, and low-temperature characteristics become respectively practical [ ethylene carbonate and 
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diethyl carbonate in the solvent of nonaqueous electrolyte ] less. When the ionic conductivity in the low 
temperature of an electrolytic solution becomes it small that the content of ethyl methyl carbonate in the 
solvent of nonaqueous electrolyte is less than [ 25vol% ], low-temperature characteristics become less 
practical and content exceeds 60vol%, the generation of gas in high temperature preservation etc. is large, 
and it becomes impossible to control a blister. The electrical property in the time of high temperature etc. 
worsens that the content of ethylene carbonate is [ the content of diethyl carbonate in less than / 25vol% / or 
the solvent component of nonaqueous electrolyte ] less than [ 10vol% ], and it becomes less practical. 
[0013] If it is contained [ propylene carbonate ] at a rate not more than 10vol% as a volume ratio in all the 
solvents, since the ionic conductivity in the low temperature of an electrolytic solution will become large and 
low-temperature characteristics will become still better further as a solvent component of the above- 
mentioned nonaqueous electrolyte, it is desirable, more - desirable - more than 1vol%10vol% - it is 5 - 
10vol% most preferably. However, if the content of propylene carbonate exceeds 10vol% in all the solvents, 
the yield of gas will increase easily at the time of high temperature preservation etc., and the blister of a 
battery container will occur. 

[0014] Solvents other than the above can be contained in the solvent component of nonaqueous electrolyte. 
Restriction in particular does not have such a solvent and any well-known thing can be used for it. As such a 
solvent, for example Dimethyl carbonate, gamma-butyl lactone, 1, 2-dimethoxyethane, 1, 2-diethoxy ethane, 
tetrahydrofuran, 1, 3-dioxolane, the 4-methyl 1, 3-dioxolane, diethylether, a sulfolane, a methyl sulfolane, 
acetonitrile, propionitrile, etc. can be mentioned, such a solvent - a kind -- or two or more sorts may be 
contained. 

[0015] The separator for short circuit prevention of a plus terminal and the negative electrode can be formed. 
Although the fine porosity film of polyolefin resin, such as polyethylene and polypropylene, is usually used as 
this separator Resin, such as cellulose, aromatic polyamide, a fluororesin, and polyolefine, Or the nonwoven 
fabric which consists of at least one sort or these mixtures of inorganic substances, such as alumina and 
silica, The film of structure, such as paper making and a porous film, and a solid electrolyte etc. may be 
which form, and the permeability of ion is high and should just have the function to isolate a plus terminal 
and the negative electrode electrically. 

[0016] In this invention, although the battery form in particular of a secondary battery is not limited but it can 
apply to any forms, such as cylindrical, a square shape, a thin square shape, a card shape, a coin type, and 
a sheet type, a square shape, a thin square shape, a card shape, a coin type, and a sheet type form are 
more effective. Furthermore, the laminate film which joined the layer of metallic foils, such as aluminum, and 
the layer of the polymer sheet with adhesives is set on the sheet type-shaped battery used for the exterior 
object. It is desirable from a viewpoint of liquid spill prevention that the polymer which can swell an 
electrolytic solution is included in at least one of a plus terminal, the negative electrode, and the nonaqueous 
electrolyte. 

[0017] The gay or copolymer obtained by polymerizing the monomers which contain an ethylenic- 
unsaturated-carboxylic-acid ester monomer as shown below as polymer which can swell an electrolytic 
solution, for example is chosen. 

1. Acrylic Ester Methyl Acrylate, Ethyl Acrylate, Acrylic Acid Propyl, Acrylic acid isopropyl, acrylic acid n- 
butyl, isobutyl acrylate, acrylic acid n-amyl, acrylic acid isoamyl, and acrylic acid n-hexyl, Acrylic acid 2- 
ethylhexyl etc. 
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[0018] 2. Methacrylic Ester Methyl Methacrylate, Ethyl Methacrylate, METAKU Lil acid propyl, methacrylic 
acid isopropyl, methacrylic acid n-butyl, methacrylic acid isobutyl, methacrylic Acid n-amyl, methacrylic acid 
isoamyl, methacrylic acid n-hexyl, methacrylic acid 2-ethylhexyl, etc. 

[0019] 3. Crotonic acid ester crotonic acid methyl, ethyl crotonate, crotonic acid propyl, crotonic acid butyl, 
crotonic acid isobutyl, crotonic acid n-amyl, crotonic acid isoamyl, crotonic acid n-hexyl, crotonic acid 2- 
ethylhexyl, etc. 

[0020] 4. In addition, alkoxy group content methacrylic ester, such as amino group content methacrylic ester, 
such as dimethylaminoethyl methacrylate and diethylaminoethyl methacrylate, and methoxy polyethylene 
glycol monomethacrylate etc. the inside of polymer -- monomer components other than the above - 50wt% - 
_ ****** rgre ****** js g | so gooc | 

[0021] [ ethyl acrylate / the polymer made into the subject ] as an ethylenic-unsaturated-carboxylic-acid ester 
monomer the inside of said monomer - ethyl acrylate - as solid content - more than 80wt% - when 
contained, it is especially desirable from a viewpoint which it swells well, and the performance of the 
obtained battery does not fall an electrolytic solution, but can maintain good liquid spill resistance especially. 
Moreover, the polymer obtained by polymerizing the monomers containing said ethylenic-unsaturated- 
carboxylic-acid ester monomer may have the structure of cross linkage. For example, the structure of cross 
linkage can add the radical polymerization nature monomer which has the functional group which gives the 
self-structure of cross linkage to said ethylenic-unsaturated-carboxylic-acid ester monomer, and can be 
made to form it by making a bridge construct during a polymerization or after a polymerization. 
[0022] As a concrete example of the monomer which gives the structure of cross linkage An epoxy group 
content monomer, for example, glycidyl acrylate, glycidyl methacrylate, Allyl glycidyl ether, methyl glycidyl 
acrylate, methyl glycidyl methacrylate, A methylol group content monomer, for example, N-MECHIRORU 
acrylamide, N-methylolmethacrylamide, dimethylol acrylamide, dimethylol methacrylamide, etc., An alkoxy 
methyl group content monomer, for example, N-methoxymethyl acrylamide, Hydroxyl content monomers, 
such as N-methoxymethyl methacrylamide, N-butoxy methylacrylamide, and N-butoxy methyl 
methacrylamide, and a silyl machine content monomer, for example, acrylic silane etc., are mentioned. 
[0023] 0.1 - 5wt% of the appending rate of the monomer which gives the structure of cross linkage is 
desirable to said ethylenic-unsaturated-carboxylic-acid ester monomer, and is more desirable. [ 0.5 - 3wt% 
of] 0. Less than [ 1wt% ] is not enough as the structure of cross linkage, and there are few differences of a 
cycle characteristic compared with the thing whose cross linking agent is not added. When exceeding 5wt%, 
and the degree of swelling of the polymer obtained by polymerizing the monomers containing an ethylenic- 
unsaturated-carboxylic-acid ester monomer falls, sufficient liquid spill resistance is no longer acquired. 
[0024] In order to make a plus terminal or the negative electrode contain this polymer, the latex obtained by 
carrying out emulsion polymerization of the monomers containing an ethylenic-unsaturated-carboxylic-acid 
ester monomer is applied on an electrode, or methods, such as using as a binder at the time of electrode 
creation, are mentioned. When making an electrolytic solution contain, an electrolytic solution is made to 
distribute directly the polymer obtained by having polymerized the monomers containing an ethylenic- 
unsaturated-carboxylic-acid ester monomer, and methods, such as pouring in and using an electrolytic 
solution at the time of battery creation, are mentioned. 

[0025] Hereafter, although a work example explains this invention in more detail, the range of this invention 
is not limited to this. 
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[0026] 

[Work example 1] As a positive electrode material, among [ after mixing lithium carbonate, cobalt oxide, and 
stannic oxide ] the atmosphere, it heated at the temperature of 850 degrees C for 8 hours, and 
LiCo0.99Sn0.01O2 were compounded. The nitrogen gas adsorption BET specific surface area of compound 
LiCo0.99Sn0.01O2 was 0.63m2/g. To this LiCo0.99Sn0.01O2100 mass part, 2.5 mass parts were mixed 
with the graphite 3 mass part with a mean particle diameter of 3.3 micrometers as electric conduction 
material in the non-graphite carbon powder end of 0.04-micrometer mean particle diameter, and it was 
considered as the compound. Polyvinylidene fluoride was made into slurry by making 3 mass ******** N- 
methyl pyrolidone into a dispersion medium to this compound 100 mass part. At this time, the solid content 
concentration of slurry was 65wt%. The coating and the process of dryness were performed twice in 
thickness uniform on 20-micrometer-thick aluminum foil, respectively, and the double spread of the slurry 
was carried out to it. Then, the roll press was performed and the plus terminal was produced. The coverage 
of the obtained plus terminal was 265g/m2, and active material bulk density was 2.95g/cm3. 
[0027] Next, churning mixture of natural graphite (mean particle diameter: 21.5 micrometers) and the 
petroleum pitch (80 degrees C of softening temperatures) was carried out at 300 degrees C among the 
vacuum by the mass ratio of 1:3 as a negative electrode material for 1 hour. The mixture was dried after 
performing filtration washing at 100 degrees C for 1 hour using quinoline. Subsequently, 1 100 degrees C 
and 2-hour calcination were performed in the firing furnace of Ar atmosphere, and it was considered as the 
organic substance burning body covering carbon material. Carboxymethylcellulose to a total of 100 mass 
parts of 1 mass part for 99 mass parts and acetylene black (made by DENKI KAGAKU KOGYO KABUSHIKI 
KAISHA) 1.4 mass part, [ this covering carbon material ] making styrene / butadiene latex into solid content - 
- 1.8 mass part -- it mixed, respectively and was considered as slurry by making water into a dispersion 
medium. At this time, the solid content concentration of slurry was 50wt%. The coating and the process of 
dryness were performed twice in thickness uniform to 12-micrometer-thick copper foil, respectively, and the 
double spread of this was carried out to it. Then, the roll press was performed and the negative electrode 
was produced. The coverage of the obtained negative electrode was 190g/m2 by both sides, and active 
material bulk density was 1.34g/cm3. 

[0028] Then, the plus terminal and the negative electrode which were produced as mentioned above were 
judged in the rectangle (3.8cm x 30cm), and the electrode tab for current collection was welded to each. It 
wound on both sides of the porosity separator made from polyethylene judged according to this size, and 
was considered as the coiled form. This coil was inserted in about 0.3mm in thickness, and the size 
abbreviation 6 mm x30 mm x48 mm battery can made from thin square-shaped aluminum, and after welding 
an electrode tab to the lid which has a pouring-in mouth, this lid was welded to the battery can. 
[0029] About 3.3g of electrolytic solutions (an electrolyte is LiPF6 [ 1mol/l. ], and a solvent is the mixed liquor 
of ethylene carbonate:ethyl methyl carbonate:diethyl carbonate =33:50:17 (volume % (vol%))) are poured in 
from the pouring-in mouth in a lid portion. The pouring-in mouth was welded, the battery can was sealed and 
the nonaqueous secondary battery was produced. First, 1 cycle eyes are total charge time 8 hours, and 
electric discharge 0.5C constant current in 4.2V constant voltage after charge 0.3C constant current at 20 
degrees C about this battery. It carried out on condition of the discharge final voltage 3.0V, and 4.2V 
constant voltage performed after charge 0.5C constant current at 20 degrees C, and 2 cycle eye was 
performed on condition of the discharge final voltage 3.0V by electric discharge 0.5C constant current for 
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total charge time 5 hours. Service capacity of 2 cycle eye at this time was made into the capacity of this 
battery. The capacity of this battery was 665mAh. Here, the current value which can discharge the charge 
quantity of electricity of a full charge state in 1 hour is said in 1C. 

[0030] In this invention, 1C performed the following evaluations as 650mA. Next, the blister at the time of 
high temperature preservation of this battery was measured as follows. 1 cycle eyes are total charge time 8 
hours, and electric discharge 0.5C constant current in 4.2V constant voltage after charge 0.3C constant 
current at 20 degrees C. It carried out on condition of the discharge final voltage 3.0V, and 4.2V constant 
voltage performed after charge 0.5C constant current at 20 degrees C, and 2 cycle eye was performed on 
condition of the discharge final voltage 3.0V by electric discharge 0.5C constant current for total charge time 
5 hours. Then, 4.2V constant voltage performed 3 cycle eye total charge time after charge 0.5C constant 
current at 20 degrees C for 5 hours, and the thickness of the battery can was measured 1 hour afterward. 1 
hour after saving in 85-degree C oven after that for 24 hours, and taking out to room temperature, the 
thickness of the battery can was measured. In this battery, the thickness change before and behind 85 
degree C and 24-hour preservation was 0.18mm. 

[0031] The low-temperature characteristics of this battery were measured as follows. 1 cycle eyes are total 
charge time 8 hours, and electric discharge 0.5C constant current in 4.2V constant voltage after charge 0.3C 
constant current at 20 degrees C. It carried out on condition of the discharge final voltage 3.0V, and 4.2V 
constant voltage performed after charge 0.5C constant current at 20 degrees C, and 2 cycle eye was 
performed on condition of the discharge final voltage 3.0V by electric discharge 1 C constant current for total 
charge time 5 hours. Then, at 20 degrees C, total charge time 5 hours, and electric discharge are 1C 
constant current in -20 degree C after charge 0.5C constant current and in 4.2V constant voltage, and 3 
cycle eye was performed on condition of the discharge final voltage 3.0V. 

[0032] The output characteristic in 1C constant current [ in / considering the output characteristic in 1C 
constant current in -20 degree C at this time as (3 service capacity of a cycle eye) / (service capacity of 2 
cycle eye) x100 (%) / -20 degrees C ] was measured, and it was considered as the low-temperature 
characteristics of this battery. The low-temperature characteristics of this battery were 32%. What 
summarized these results is shown in Table 1. 
[0033] 

[Work examples 2-16] The nonaqueous secondary battery was produced by the same method as a work 
example 1 except using the thing of electrolytic solution solvent composition of Table 1 and 2 about the 
electrolytic solution of a work example 1 . The capacity of this battery, the thickness change before and 
behind 85 degree C and 24-hour preservation, and low-temperature characteristics were measured by the 
same method as a work example 1. What summarized these results is shown in Table 1, and, as for work 
examples 2-10, they show work examples 11-16 in Table 3. 
[0034] 

[Comparative examples 1-11] The nonaqueous secondary battery was produced by the same method as a 
work example 1 except using the thing of electrolytic solution solvent composition of Table 1 and 2 about the 
electrolytic solution of a work example 1. The capacity of this battery, the thickness change before and 
behind 85 degree C and 24-hour preservation, and low-temperature characteristics were measured by the 
same method as a work example 1. What summarized these results is shown in Table 2. 
[0035] 
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[A work example 17, a comparative example 12] About the positive active material of the work example 1, 
except that a nitrogen gas adsorption BET specific surface area used LiCo02 of Table 2, the plus terminal 
was produced by the same method as a work example 1, and the nonaqueous secondary battery was 
produced by the same method as a work example 1 using this plus terminal. The capacity of this battery, the 
thickness change before and behind 85 degree C and 24-hour preservation, and low-temperature 
characteristics were measured by the same method as a work example 1. What summarized these results is 
shown in Table 3. 
[0036] 

[A work example 18, a comparative example 13] About the positive active material of the work example 2, 
except that a nitrogen gas adsorption BET specific surface area used LiCo02 of Table 2, the plus terminal 
was produced by the same method as a work example 2, and the nonaqueous secondary battery was 
produced by the same method as a work example 2 using this plus terminal. The capacity of this battery, the 
thickness change before and behind 85 degree C and 24-hour preservation, and low-temperature 
characteristics were measured by the same method as a work example 1. What summarized these results is 
shown in Table 3. 
[0037] 

[A work example 19, a comparative example 14] About the positive active material of the work example 3, 
except that a nitrogen gas adsorption BET specific surface area used LiCo02 of Table 2, the plus terminal 
was produced by the same method as a work example 3, and the nonaqueous secondary battery was 
produced by the same method as a work example 3 using this plus terminal. The capacity of this battery, the 
thickness change before and behind 85 degree C and 24-hour preservation, and low-temperature 
characteristics were measured by the same method as a work example 1. What summarized these results is 
shown in Table 3. 
[0038] 

[A work example 20, a comparative example 15] About the positive active material of the work example 4, 
except that a nitrogen gas adsorption BET specific surface area used LiCo02 of Table 2, the plus terminal 
was produced by the same method as a work example 4, and the nonaqueous secondary battery was 
produced by the same method as a work example 4 using this plus terminal. The capacity of this battery, the 
thickness change before and behind 85 degree C and 24-hour preservation, and low-temperature 
characteristics were measured by the same method as a work example 1. What summarized these results is 
shown in Table 3. 
[0039] 

[Work example 21] Except using a total of 100 mass parts which carried out 20 mass part mixture of the 
graphite powder with a mean particle diameter of 4 micrometers to it about the negative electrode active 
material of the work example 1 with the fibrous graphite carbon 80 mass part with a mean particle diameter 
of 18 micrometers The negative electrode was produced by the same method as a work example 1, and the 
nonaqueous secondary battery was produced by the same method as a work example 1 using this negative 
electrode. The capacity of this battery, the thickness change before and behind 85 degree C and 24-hour 
preservation, and low-temperature characteristics were measured by the same method as a work example 
1. What summarized these results is shown in Table 3. 
[0040] 
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[Work example 22] About the negative electrode of a work example 1 , to a negative-electrode-active- 
material 100 mass part, ethyl acrylate 80 mass %, Make into solid content latex containing the polymer 
which polymerized in composition of methyl methacrylate 20 mass %, and Two mass parts, Except mixing 
carboxymethylcellulose at a rate of 1.8 mass part by making 1.4 mass part, and styrene / butadiene latex 
into solid content, and considering it as slurry by making water into a dispersion medium The negative 
electrode was produced by the same method as a work example 1, and the nonaqueous secondary battery 
was produced by the same method as a work example 1 using this negative electrode. The capacity of this 
battery, the thickness change before and behind 85 degree C and 24-hour preservation, and low- 
temperature characteristics were measured by the same method as a work example 1. What summarized 
these results is shown in Table 3. 
[0041] 

[Work example 23] The nonaqueous secondary battery was produced by the same method as a work 
example 22 except using the same thing as a work example 13 about the electrolytic solution of a work 
example 22. In this battery, capacity, the thickness change before and behind 85 degree C and 24-hour 
preservation, and low-temperature characteristics were measured by the same method as a work example 
1. What summarized these results is shown in Table 3. 
[0042] 
[Table 1] 





Crrf/g) 








(mAh) 


85°C-24BSIH 

(mm) 


(%) 


(EC) 


(EMC) 


(DEC) 


(PC) 




0.63 


33 


50 


17 


0 


665 


0.18 


32 


mmmz 


0.63 


34 


33 


33 


0 


660 


0.16 


29 


H6S0IJ3 


0.63 


35 


40 


25 


0 


667 


0.19 


30 




0.63 


30 


40 


30 


0 


662 


0.18 


32 


nm\5 


0.63 


25 


35 


40 


0 


658 


0.20 


31 


mmm e 


0.63 


35 


25 


40 


0 


655 


0.21 


28 


mmmi 


0.63 


40 


50 


10 


0 


668 


0.25 


32 


mmme 


0.63 


30 


60 


10 


0 


663 


0.24 


37 


mm 9 


0.63 


40 


25 


35 


0 


654 


0.19 


30 




0.63 


25 


60 


15 


0 


671 


0.27 


35 
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[Table 3] 
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(mVg) 




H»J£(vol%) 


mm 

(mAh) 


85°C-24Bt|W 

ft#flrffe<o 

(mm) 


C%) 


(EC) 


(EMC) 


(DEC) 


a-7f?*-h 

(PC) 




0.63 


31 


48 


16 


5 


661 


0.23 


41 




0.63 


32 


32 


31 


5 


656 


0.28 


39 




0.63 


30 


45 


15 


10 


658 


0.27 


39 




0.63 


30 


30 


30 


10 


652 


0.31 


40 




0.63 


28 


43 


14 


15 


643 


0.51 


38 


MM" 


0.63 


29 


28 


28 


15 


638 


0.48 


33 




0.32 


33 


50 


17 


0 


673 


0.18 


30 




0.32 


34 


33 


33 


0 


669 


0.17 


27 


*«£<H19 


0.32 


35 


40 


25 


0 


658 


0.23 


29 


M|«£0 


0.32 


30 


40 


30 


0 


663 


0.19 


26 


mm* 


0.28 


33 


50 


17 


0 


663 


0.20 


18 




0.28 


34 


33 


33 


0 


659 


0.17 


8 




0.28 


35 


40 


25 


0 


668 


0.15 


7 


JtMMS 


0.28 


30 


40 


30 


0 


665 


0.19 


12 




0.63 


33 


50 


17 


0 


647 


0.23 


29 




0.63 


33 


50 


17 


0 


660 


0.19 


31 




0.63 


30 


45 


15 


10 


661 


0.27 


38 



[0045] 

[Effect of the Invention] The nonaqueous secondary battery of this invention is high capacity, and the blister 
resulting from the generation of gas is controlled, and it has good low-temperature characteristics. 
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[iSJIl] (A)Mlli>'0. 3mVgtJLh« 
jEffi^foSCa^&SIESfc , ( B ) fiSiSttS^^ft 

fts t . ( c ) ms?*: t t ^ & 5 #7j<«ip« 
t xm&^tif^m^kwmza t , #*©jfis<7) 

^JfcfrttT, ^&<ti>x^p-y#-;j<*-K x 
f-/M bftt^XiM/^-*'*- h i03 

#7j<ms$«^4^ x^-p-yx?-^- 
5 v o i %ja±4 o v o i %jar, xwf* 

b#2 5 v o 1 %\ii±6 0 v o 1 %&T\ ^ 
Xf-^^-dt*- btf 1 0 v o 1 %BLh4 0 v o 1 %m 

iicwifi. 

[ lf*JI 2 ] #7Rlt«^g£M^ t LT , JE(c . T 
nfl/y^-^-b^ #7j(l»W»C10v 

i t £#at if*ii i xii 2iB«o^*^-^m 

Mo 

[ If *i!4 ] xf-> ><m^mai) /i^ ylxxf/« 
*iT ^ * £ * ^ i: * if#S 1 -~ 3 *H vtfftjfr. 1 II 
[0001] 

[00 02] 

mmm t & s m&c&m t (±* u ^ <o#& a . * tf) 

#t&ifc*^1ffcag£Stfro^. SHE. HRWt 
« t CO nTSWfc 'J -f ^ AulSKffi^ma^S- . IE 

M£#t?y^i^fMj£-fflv\ Ptsra^y^^A 

Tiift „ FgStffiffl ? iift ?iM{ix*;l^-«JK#a 

y^-M^yn^ffiti. /J^L mmtimtiih 
-sms t r h ft \ Mmt§mmm^immmz§> 

rasMHWdt^ . fwx^-x^m* 

[0 0 0 3] LfrL^ft t> , iE;<0ftItt(:l3U 
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#x#'?M^ft ; t t i ft ^fe<DBh.#|5IB tiit 

^5. Amt-^mmtz^, ^muzm^x 

XfohTiV S x? t imcffli >fc*§£\ i ^r*i 
b# ± 0 mmzmix ^&.mt. <m¥ 9-2702 

7 !ftMTl 1-2 5 0 9 3 2^ffi. #M2 

000-26040 O^Rffi, =ffl]2 0 0 0-277 1 
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ttmh^*mmw^<xmm$:im-ti its- @e^t 

-Tft„ 

[0005] 

[im*)B^ft^«#©] «0ji#^ii, frfaiis 

ZMfcti fcftt, *»MSoSSa^?M^*»ibt 
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#ft £ t 6 i fc SrLtljL-, 

[0006] t^r^*> . *%,m± . ( A ) Jt^fflWAJ 

0. 3m2/gJ^±<7)IESvSftl«^^^ftiEllt, 
( B ) Ji ftStiJf^ ^ ^ ft »S t . ( c ) 1 2M< 
30 jffiKj: l»IN«liWm t fr^mmziitzft-.m :<£ 

mmiz&^x. m<mmmmmi&fttix , ^<t 

xfI/^-#*-ba«2 5vo l%Jil±4 0 
v o l xf-/Mf-;^-jK*-h36*2 5 v o l 

%liLh6 0 v o l %lilT. ^xf-^Xr-sK^-h** 1 0 
v o 1 %£Lt4 0 v o 1 %lilT«#:W»'J^T"-irSixT^ 
ft i t S-WISt tSMllSlitl)^ . 

[0007] #7j<m»s«i§K^t lt. mz, ru 
40 ti^y^r-jjf f- tiK i^nrnw^mm^iz 1 o v 
o i %&,r(ommi^x%ttix^ z t mi ± u\ 
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^IfflBtisv^T. IESSft©ti±. «SMfc^WtU^ 

so A>f ^-y * mm ■ mn*immw i v&z mmx% 
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(£. >J^AS^JgKfl3BtLix M yNz O2 (M 
J2. «M7E«tDCo. Ni, Fe, Mn, Cr, 
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1. In. Sn. B, Mg. Si. Ge, Ga, Y. L 10 
a. Ce. Pr, Nd, Sm«4^3Iiiflf^5:< b 
tlgWAM, 0<Xgl. 1. 0. 5SYS1. 0. 
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[ooio] mmmt L-m. issMmw+v 
m ■ ms^£$&<ri%>0>£x*w$th 

ZbtfTZ %>tfi, Witf, IUM&*, * V 7i-XH 

±. mim, m{m&mtL<m^$>tib. mz. t 

ifift WSMRMWMte ±ff & Z. b . 
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[0011] #7R^€«o«»Mt(i, Wnvfii 
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O*. LiAsFe. LiPFe. LiBF'4, LiB (C 
6 Hs ) 4 . LiCl, L i B r . CF3SO3L1 

ro h° v y # h * Sn £ * d fc #JJ 4 L u . 

«l??«W?§«tFt. Xfl/^-^-b* ; 2 5vo 1 
%lil±4 0 v o 1 %WT. HL<li25vol %iJJLh 
3 5 v o 1 %JJTF, Xf/Wf^-!|J*- 5 v 
o l%JJLt6 0vo 1%JJTF. ML<ti30vo 1% 
JiLL5 5 v o 1 %£IT, yX-f;t/#-tf'^-l-^l 0 v 
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VJ±3 5vo l%jaT-^4ti5. 
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[0017] -£l> i fc CDT^ J v- 

# T # t fl l> * * Xfi 3 *° U v-^'Sff tl 5 . 
1. T^U/UgxXTVP 
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[0 0 18] 2. **?!JA«xx-fA< 
yyyy/t^y^/k yyyy^Kx^/k y?y U 
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In- 7'f7k y y y U ;HH y y'f-/P . y 9 9 U A 
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n— M^/k y yy U/I/It 2- xf^M^/Ki: 
if. : 

[0 0 19] 3. j-nfylxxf^ 
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[00 20] 4 . -f-CDfl!! 
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[0021] ^lyy^mmAJi^ym^xf-ji^y 

Ty 'J/Hgx^£±tti: LfesJfJ?- 

t\ mfB^ y v-^try y;FKxf-^#«#i: lt 

tt^ttSTSSS**^. »(«U\ ffllEx 
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Miif. N-yf-n-zkry y/krs k N-yf- 
p-/pyyy y;kT5 h\ yy^-o-/kry y;kr$ 
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l^^^gii2 0 o CT"?tm0. 3Cjgmt««. 

4 . 2 vg«ET" b - ^wtm^ra 8 nm , 0 . 5 
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2 V£«ET h - ? / ^t^PsI 5 B#® . Km 0 . 5 C £ 
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£<, iwm^^Sii. 6 6 5mAht'J^. ZZ 
X\ icfc(i, 7;^m«ffi^mm^£Srlii#[STlfe 

[00 30] *^BJ3T1±. 1 C 6 5 0 m A fc LTMT 

wuHisif^^fc. act, -^)«^ss«#B#wpfi 

^lilTW J: 5 £8!l5£Lfc. 1 ^ ?jum±2 OTX^tM 

0. 3c£ms«fS\ 4. 2V5gmj±t"b-^;^mB# 
iS8i^is. mmo. 5cjmMx\mm*±mi±3. 0 

V^ffTlTV\ 2-tf-f ?>UBi 2 0°CT"S:m0. 5C 
Sm^^S, 4. 2V£«ET"h-^/^mB#r B l5B# 
Pal, $«0. 5C^STC, S»itHffi3. 0VO* 
fftJ3;*-)^„ *C0»» 3^^;l-@2r2 0 <> Cf3tm 
0. 5 CSgm^cOiL 4. 2VSmj±T"b-^;^m 
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ia 5 Wfraff^v > . 1 mmmz'mmcom& % as itz . 

m&Lx immznsmnn** m&Ltz. z^m 
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[0031] z<vmm<vim$$mzaT<v£ 3 kmseL 

fc. 11M ? frm±2 QX>TftM0 . 3CS«gEc0S. 

4. 2V5gmET'h-^7^€Btr B i8B#r B i amo. 5 
cj£m$Lx\ m.mm±wj±3. ovco^xaz^\ 

10 2lM 7 t^Et: 2 0°CX3tM0 ■ 5 C<jgX<fi<r>^ 4. 

2 vjgmffT" h — ; -* /: ^.lin-Vi?',l 5 n',h",l . '/*cli 1 c .cilai 
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oxxiswc 1 cjgmssr. ftm»ihmj±3. ow>& 
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■c^aj^^tts- (3^^;kg^s«§a) / (2^ 
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[Mx« l-ii] mm i i 

tow*. 8 5°c- 24B#r B i«#fif^i¥^k, saw 
tt^»SCT 1 1 mmco^rnxm^ it 

t-bfotzhcoZ^ttZTfcf,, 
[0035] 

[MftM 1 7 , ibKM 1 2 ] %mm i <7)rtM$mmz-o 

40 , SS^'XPR#B E TJt^ffiW^ 2 (7) L i C o O 
~<REffi&f3SLfc. icom^Sfi, 8 5°C- 2 An 

mvmz t tz . zti^m^ ttfofzhvzm 

[0036] 

v . «^'xis#b e Titmmm^m 2 v l i c o o 
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rifcliffifcftSSLfc. 8 5°C- 2 4B$ 

[00 37] 

mmm 1 9 , jtis^j 1 4 ] n» 3 ^isvswm^ 

, m«x? x mm B E T JtaBffl*^ 2 « L i C o o 

[00 38] 

[MSM20, jt«0«i 5] mwu^jEmmmz^ 
v >t . mmtfxmmB e mum^n 2 col i c o o 

--immimitz. 8 5*0- 241$ 

•t. 

[00 39] 

[HSSM2 1 ] isstfifii^aasiMrfco^T. w& 

SI 8jumealttt1je^57r>f h^-*>8 0»Mi5h 
^titWLT¥%e@4 / umtoajS»*^ 2 OJUHES 

^■L^^-ft- 1 0 0 mmw 1 1 * 



3) ftl2 0 0 2-3 1 34 19 

1 0 

8 5"C ■ 2 4^ffifff^>flW'fL 

fcftit 3 tSrf. 

[004 0] 

[n»M2 2 ] hmm 1 comsto^-c . sm&m 1 

OOWigBtfcfl/C r^U7Hgx-f^8 0KS%. ^ 
* 9 U /UM f7k 2 0 «a%«0fflfi£Tfi-^ L it? U v- 
0 £-irtf5x-7?x£@^tLT2ittSL tf/l^v 

>7T-/9Xi ®Bft ttXl. 8 ifftMiJ^Til^ 

«§s, 8 5-c- 24mmmmmcom^it. i&&m 
&&$mM imm^mximLtz. ztit><?M&z 

[004 1] 

:0 [£ffc01 2 3 ] £JtH 2 2 <nnmm\z^\ ^X , SlffiM l 

xmxifrm-Zixmmim itz . 1 ^wmza \ ^x , 
mm. 8 5°c- 24B#r a wtumoi¥»L ffi^e 

i: ftfc 3 fci^t. 

[ 0 0 . 1 2 ] 

mi] 





CmVe) 






!HJ£(vol%) 


£1 

(mAh) 


85°C-24B#H 

(mm) 


(%) 


a-51«*-h 

(EC) 


(EMC) 


(DEC) 


(PC) 




0.63 


33 


50 


17 


0 


665 


0.18 


32 




0.63 


34 


33 


33 


0 


660 


0.16 


29 


HfiSflJ 3 


0.63 


35 


40 


25 


0 


667 


0.19 


30 


mu 


0.63 


30 


40 


30 


0 


662 


0.18 


32 




0.63 


25 


35 


40 


0 


658 


0.20 


31 


SlfcM 6 


0.63 


35 


25 


40 


0 


655 


0.21 


28 




0.63 


40 


50 


10 


0 


668 


0.25 


32 


Slt*8 


0.63 


30 


60 


10 


0 


663 


0.24 


37 


^«5C!i 9 


0.63 


40 


25 


35 


0 


654 


0.19 


30 


SttffMO 


0.63 


25 


60 


15 


0 


671 


0.27 


35 
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(7) #112 0 0 2-3 1 34 1 9 

11 12 



is 
















































la 


S 


s 


2 


2 


I 


1 


3 


1 


1 


5 


3 


si 
























1 Q 












































































































































Lis 
all § 


a 


s 


s 


a 


!? 


s 








g 




IP 


s 

a 


s 

o 


s 

o 


s 

o 


S 
o 


s 

© 


£ 

o 


s 

o 


£ 
o 


s 

o 


s 

o 




















• 


I 


i 




i 


i 


1 


i 


i 


i 




i 

±5 



[0 044] * * [S3] 
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(8) #112 0 0 2-3 1 34 1 9 

13 14 











fflfJ£(vol%) 




§1 

(mAh) 


85°C-24B#IW 
(mm) 


(%) 


(mVg) 


2j— K 

(EC) 


a— h 

(EMC) 


(DEC) 


2j— h 

(PC) 




063 — 


3J 


48 


1* 




— 661 — 


QJ 3 . 


_41 


_gffi#!12 


0.63 


32 


32 


31 




■ 


— 656_ 


028 


39 


_Sffiffl13_ 


0.63 


30 


45 


15 


10 


— 658_ 


027 _ 


3J 






















0.63 


28 


43 


14 


15 


— 643 — 


051 


38 




















_8ffi$17 


0.32 


33 


50 


17 


0 


673 


0.18 


30 




0.32 


34 


33 


33 


0 


669 


0.17 


27 


_SMI19 


0.32 


35 


40 


25 




— 658 — 


023 


29 


IStfE&l20 










- 








J±$#I12 




















0.28 


34 


33 


33 


0 


659 


0.17 


8 




0.28 


35 


40 


25 


0 


666 


0.15 


7 




0.28 


30 


40 


30 


0 


665 


0.19 


12 




0.63 


33 


50 


17 


0 


647 


0.23 


29 




0.63 


33 


50 


17 


0 


660 


0.19 


31 


3«&fil|23 


0.63 


30 


45 


15 


10 


661 


0.27 


38 



[0045] * 7.im:mm-imiumm*ti, vs\ .\ka;\\ 



(72)S6BH# ffi- F?-A(##) 5H029 AJ02 AJ03 AJ07 AJ12 AK03 

WSJUiiiH** TftWE&ft 1 TS 3# l # ALOl AL02 M07 ALII M02 

/MSBlfcS&afl AM03 AM04 AM05 AM07 CJ08 

DJ09 DJ16 DJ17 HJ07 
5H050 AA06 AA08 AA13 AA15 BA17 
CA07 CA08 CA09 CB01 CB02 
CB08 CB11 DA09 EA23 GA10 
HA07 
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